INTRODUCTION
============

The Brazilian civil aviation, according to the 2013 Air Transport Directory of the Brazilian Civil Aviation Agency (ANAC)[^a^](#fna){ref-type="fn"}, has underwent significant changes in operational management in recent years, directly impacting flight operations. The fleet of Brazilian airlines reached 563 airplanes by the end of 2013, representing an increase of 8.7% from 2012. The number of passengers carried has reached the highest number in history: more than 109 million, being 90 million in domestic flights and 19.2 million in international flights[^a^](#fna){ref-type="fn"}. However, the number of employees in the companies followed the opposite direction, with a reduction in the number of pilots[^a^](#fna){ref-type="fn"}. The average number of employees per airplane went from 118 to 106.3, indicating that the decrease is a trend of the aviation industry. This reduction reached both the support staff on the ground and crew (flight crew and cabin crew). Currently, pilots (captains and first officer) represent approximately 10% of the staff of airline companies[^a^](#fna){ref-type="fn"}.

Given this scenario, the fatigue and irregular and long working hours (usually above eight hours per day) of pilots raises concern about the safety of air operations[@B4] ^,^ [@B17]. The flights that start at dawn, those that end late at night, night flights, and the crossing of time zones change the sleep-wake cycle, the alert levels, and the decision-making of pilots during flights[@B12]. These factors can cause excessive sleepiness throughout the workday, which increases the propensity for unintentional sleep at work and risk of incidents or accidents at work[@B2] ^,^ [@B9]. Ingre et al.[@B12] have observed that unintentional sleep at work is a reflection of the work conditions and organization of pilots. The authors[@B12] have also shown that unintentional sleep at work may compromise the safety of flights.

In fact, the work activities of pilots are complex and require multiple skills, both technical and relational ones. Among them we can mention the ability to concentrate, work under pressure, adapt to operational changes, work as a team, anticipate the consequences of a set of signals, and interpret these signals for fast decision making[@B13]. With excessive sleepiness, some of these skills can be compromised, and with them, the safety of flights.

In this context, the objective of this study has been to identify factors associated with unintentional sleep at work of airline pilots.

METHODS
=======

This is a cross-sectional epidemiological study conducted with airline pilots, affiliated to the Brazilian Association of Civil Aviation Pilots (ABRAPAC) and who work on the five major Brazilian airlines. The target population (all pilots associated with ABRAPAC) amounted to 2,530 pilots at the time of data collection. According to the data of ANAC[^a^](#fna){ref-type="fn"}, this number represented approximately half of the Brazilian airline pilots. We sent an individualized invitation using e-mail to the 2,530 pilots for participation in the study. The online data collection was carried out from December 2013 to March 2014, and during this period we resent the invitations to participate systematically every 15 days. Approximately 1,234 pilots working in national or international flights participated in this investigation, amounting to 48.8% of the original sample. This was a convenience sample ,since only the pilots associated with ABRAPAC were invited to participate.

After reading the informed consent, the pilots should register online that they agreed to participate in the study; only after their agreement they could respond to the questionnaire. Because it was an online questionnaire, the pilots could respond partially to the questionnaire and finish it whenever it was convenient. This was a factor which contributed to increase their participation. This study was approved by the Research Ethics Committee of Instituto Federal de Educação, Ciência e Tecnologia de São Paulo (Protocol 625,158).

The independent variables were: biodemographic data (gender, marital status, children under 12 years of age, number of persons who contribute to the family income, education), characteristics of the work (time working as pilot, time working in the current company, position place of residence, type of crew, frequency of flight delays, type of day off, work shift, and monthly hours of flight, home/airport standby, and on call[^b^](#fnb){ref-type="fn"}, commuting time (between residence and contractual basis, commuting time between hotel and airport), duration of working hours, number of consecutive days and nights of work, number of legs per day, time working on the night shift, starting and ending times of working hours, number of days off, factors that cause fatigue at work, quality of the place available for sleep inside the airplane and hotels provided by the company), lifestyle (smoking and alcohol consumption evaluated by AUDIT -- Alcohol Use Disorders Identification Test[@B20]) and aspects related to sleep (described below).

The dependent variable "unintentional sleep at work" during work was evaluated by a single question ("have you ever unintentionally slept while flying the airplane?"), with the option to answer yes or no. This question was been adapted from the Karolinska sleep questionnaire (Unintended periods of sleep -- nodding off *--* at work)[@B1], in which nap is regarded as any short period of sleep that is less than half the length of the main sleep, and it may be a few seconds or minutes. The questions of how they sleep and if they sleep enough, the index of problems to wake up, and the sleep quality index were also adapted from the Karolinska sleep questionnaire[@B1]. We used the Berlin questionnaire to estimate the chance of developing Obstructive sleep apnea syndrome[@B15]. To evaluate excessive sleepiness, we used the Epworth sleepiness scale[@B15].

To evaluate the need for recovery after work, we used the scale proposed by Veldhoven and Broersen[@B24], which have a score from zero to 100, proportional to the need for recovery. The physical and mental work ability was evaluated by the Work Ability Index (WAI) developed by Tuomi et al.[@B23] The WAI provides a score that ranges from 7 to 49 points, and it has seven dimensions (current work ability, work ability in relation to the requirements of the work, current number of diseases diagnosed by a physician, estimated loss of work ability because of illnesses, absences from work because of illness in the last 12 months, self-prognosis on work ability for the next two years)[@B23].

Being unintended sleep at work the outcome variable, the sampling power of this research was 88%, considering a sampling error of 5% (G\*Power, Version 3.1.4). Normality of the variables was tested suing the Shapiro-Wilk test. We described the simple and relative frequencies of the studied variables and performed analyses of bivariate and multiple logistic regression, with the dependent variable being having unintentionally slept at work. We used the Hosmer-Lemeshow test to test the goodness of fit of the model. In all tests, we considered as significant if p \< 0.05. For the statistical analyses, we used the program Stata 12.0 (Stata Corp., Texas, USA).

RESULTS
=======

Most participants (97.1%) were males, had a partner (84.3%), and did not have children younger than 12 years (61.3%). The average age of the pilots was 39.1 years (SD = 9.8 years). The number of persons who contributed to the family income was, on average, 1.6 persons (SD = 0.7).

Most pilots (82.4%) were attending or had already completed college education. Working time as a pilot was on average 15.2 years (SD = 10.1 years) and the average working time on current airline was 5.8 years (SD = 4.8 years). Most of the respondents worked as captain (57.9%), and the others were first officer (42.1%); 53.7% did not reside in the same location of the contractual basis. Almost all participants (91.2%) reported flying almost always with simple crew[^c^](#fnc){ref-type="fn"} (91.2%).

A high percentage of pilots reported that delays occurred frequently or always because of operational, maintenance, and dispatch issues (40.7%). The type of time off varied between the pilots, but for 27.6% they were only one day off. The work shift of almost all pilots (94.1%) was irregular and involved the night shift -- from 10 p.m. to 5 a.m.

The average number of monthly flight hours was approximately 65 hours. Commuting time between residence and contractual basis was almost three times higher among those who lived outside the contractual basis compared to those who lived in the same location as the basis. We highlight that most resided outside their contractual basis. Working hours[^d^](#fnd){ref-type="fn"} were longer during the day shift, followed by the afternoon and night shifts ([Table 1](#t1){ref-type="table"}).

Table 1Means and standard deviations of monthly working hours, commuting time, work days, and days off among Brazilian airline pilots.VariablenAverageSDFlight hours (hours/month)1,23164.810.8Hours of standby (hours/month)1,1579.26.6Hours of on call (hours/month)1,16422.315.3Commuting time from the residence to the contractual basis for the pilots who do not reside in the same location of the basis (min)645161.4121.5Commuting time from the residence to the contractual basis for the pilots who reside in the same location of the basis (min)56658.243.4Commuting time hotel x airport (min)1,23041.125.0Working hours -- day shift (hours)1,1988.81.4Working hours -- afternoon shift (hours)1,1278.01.7Working hours -- night shift (hours)1,1607.82.4Number of days off per month (days/month)1,2349.21.4Maximum number of consecutive days of work1,2266.11.2Maximum number of consecutive nights of work1,1874.02.4Maximum number of working hours in the same day1,1934.91.1Time working in the night shift (years)5589.67.7

Regarding working hours in the day, afternoon, and night shifts, day shift had a higher proportion of pilots who started their work before 6 a.m. The end of work in the afternoon shift was usually after 10 p.m. In the night shift, in turn, the start time had a higher proportion before 10 p.m. ([Table 2](#t2){ref-type="table"}).

Table 2Work schedule among Brazilian airline pilots.Hoursn%Start of work in the day shift  From 12 a.m. to 4h59 a.m.22018.4From 5 a.m. to 5h59 a.m.58448.7From 6 a.m. to 6h59 a.m.25421.2From 7 a.m. to 11 a.m.14011.7End of work in the afternoon shift  From 4 p.m. to 9h59 p.m.40335.8From 10 p.m. to 11h59 p.m.56249.9From 12 a.m. to 6 a.m.16214.3Start of work in the night shift  From 2 p.m. to 9h59 p.m.68759.3From 10 p.m. to 11h59 p.m.39333.9From 12 a.m. to 1h59 a.m.443.8From 2 a.m. to 4h30 a.m.353.0End of work in the night shift  Before 5h a.m.59851.6From 5h01 a.m. to 8 a.m.42336.5From 8h01 a.m. to 12 p.m.12711.0From 12h01 p.m. to 4 p.m.100.9

Regarding the working conditions that could be associated with increased fatigue, the main factors reported by the pilots were: long working hours, flight hours, little rest time between working hours, and night work ([Figure](#f01){ref-type="fig"}).

FigurePerception of factors that cause fatigue at work among Brazilian airline pilots.

The pilots evaluated their in-flight cabin for rest in relation to light, noise, thermal comfort, and physical comfort. The average was 2.82, 2.14, 4.07, and 1.85 points, respectively. The quality of the hotels provided by airlines for rest was also evaluated using the same parameters and the averages were higher when compared to the places of the airplane (5.84, 5.25, 6.66, and 6.24 points, respectively).

The percentage of smokers was low (7%). The proportion of pilots who reported drinking alcohol was 75%. Among those who drink, low-risk use was reported by 75.2%, moderate use by 23.6%, and harmful use or possible dependence was reported by 1.2%.

Among the 1,234 pilots, 578 diseases with medical diagnosis were reported, being the most prevalent diseases injuries, musculoskeletal disorders, and digestive and respiratory diseases (35.8%, 28.2%, 24.6%, and 21.6%, respectively).

The average time reported for sleep latency (time between lying down and the beginning of sleep) after working on the day shift was 40.7 minutes, and 38.3 minutes after the night shift. The duration of sleep after work on day and night shifts was 6.9 hours (SD = 1.2 h) and 6.7 hours (SD = 1.9 h), respectively. On days off, duration of sleep was higher than in working days (8.8 hours). When asked whether they sleep enough, 31.2% reported that they sleep little. On the subjective quality of sleep, 10.6% of the pilots classified it as bad. The average percentage of need for recovery after work on a scale from zero (less need) to 100% (greater need) was 61.2% (SD = 26.4%).

Most pilots reported that they have unintentionally slept while they were in command of the airplane (57.8%). [Table 3](#t3){ref-type="table"} presents the factors associated with unintentional sleep. In the adjusted multiple model, those who flew for more than 65 hours a month showed increased 78% chance of unintentionally sleeping while flying the airplane when compared to pilots who had average monthly flight time of 65 hours or less. Frequent flight delays and greater need for recovery increased the chance of unintentional sleep at work in 45% and 49% compared to those who reported fewer operational delays and reduced need for recovery after work, respectively. Work ability being less than optimal was another factor associated: the worse the work ability, the greater the chance of sleeping, reaching almost five times more in the category "low work ability". Sleep perceived as insufficient and excessive sleepiness increased by 44% and by more than two times, respectively, the chances of unintentional sleep while piloting, compared to those who perceived having enough sleep and presented low sleepiness.

Table 3Bivariate and multiple logistic regression for unintentional sleep at work.VariableCategory%OR95%CIadj OR^a,b^95%CIFactors related to workResponsibility for family incomeShared with someone52.41    Alone47.61.070.84--1.35  Work shiftDay5.61    In legs that involve nights94.41.530.94--2.49  Flight routesNational90.81    International9.2**1.781.17--2.71**  Time working in the night shiftDoes not work all night54.81    1 to 5 years17.81.120.83--1.52   6 to 10 years13.3**1.491.05--2.12**   11 to 15 years5.5**2.801.57--5.01**   16 years or more8.6**1.751.14--2.69**  Monthly flight hoursUp to 65 hours47.01 1  66 hours or more53.0**2.191.74--2.761.781.38--2.29**Maximum number of consecutive days of workUp to 6 days81.61    7 days or more18.4**2.331.69--3.21**  Maximum number of consecutive nights of workOne or two nights17.21    Three or four nights56.41.230.90--1.69   Five or more nights26.4**1.601.12--2.29**  Average days off per month10 days or more41.71    Up to 9 days58.3**1.711.36--2.15**  Frequency of operational flight delaysNever, rarely, or sometimes59.41 1  Frequently or always40.6**2.061.62--2.611.451.11--1.89**Commuting time between hotel and airportUp to 42 minutes68.81    42 minutes or more31.2**1.551.21--1.99**  Aspects of sleepHow do you sleep?Very well or well51.91    Neither well, nor bad37.5**1.631.28--2.09**   Fairly or very bad10.6**2.871.88--4.38**  Do you sleep enough?Yes68.91 1  No31.1**2.201.70--2.841.441.07--1.94**Quality of the hotel to sleep (noise, lighting, and thermal and physical comfort)Above average51.81    Below average48.2**1.471.17--1.84**  Quality of the sleeping cabin in the airplane (noise, lighting, and thermal and physical comfort)Above average47.71    Below average52.3**1.341.07--1.69**  Index of problems to wake upNo82.31    Yes17.7**2.281.65--3.16**  Sleep quality indexGood92.41    Bad7.6**2.491.52--4.08**  Obstructive sleep apnea syndromeLow chance of developing79.71    High chance of developing20.3**2.031.50--2.74**  *Epworth score*Low sleepiness58.11 1  Excessive sleepiness41.9**2.802.20--3.572.091.60--2.72**HealthScale of the need for recovery after workLess need31.81 1  Moderate need34.7**1.721.30--2.26**1.060.77--1.47 Greater need33.5**3.302.46--4.421.491.04--2.16**Work ability indexGreat33.71 1  Good45.7**2.201.70--2.851.521.13--2.04** Moderate18.2**3.942.76--5.632.151.43--3.23** Low2.4**8.953.07--26.114.801.57--14.67**[^3][^4][^5]

DISCUSSION
==========

The occurrence of unintentional sleep at work was the main outcome of interest of this study. We observed a significant association with factors related to the organization of work (number of monthly flight hours, operational delays, need for recovery after work) and health (work ability, insufficient sleep, and excessive sleepiness).

The percentage of pilots who reported having unintentionally slept during flight was high and twice as higher than that found by Gregory et al.[@B10] in an American population study with pilots of medical operations. Our finding is relevant, as unintentional sleep at work may compromise the safety of flights and it is a reflection of the conditions and organization of work of Brazilian airline pilots[@B12]. According to Cabon et al.[@B3], pilots who fly long distances are particularly susceptible to lapses during vigil, as well as during periods of low workload. Such lapses can occur simultaneously with both pilots responsible for the flight.

As perceived by the participants of this study, most factors that cause fatigue at work are: the hours of work, long daily working hours, night work, and reduced resting time between working days. These factors were also observed in other studies with crews[@B4] ^,^ [@B17] ^,^ [@B18]. Although irregular working hours and night shift have not been associated with unintentional sleep at work in this study, they are contributing factors for the perception of fatigue and excessive sleepiness, according to what has been reported in previous studies[@B4] ^,^ [@B17] ^,^ [@B18].

As flight hours are irregular, one factor to be highlighted is the starting and ending times of daily work. When working on day shifts, pilots may start their work at dawn. In addition, if we also consider commuting time (home × workplace, hotel × workplace), the duration of the sleep is impaired, especially when waking up in time of greater sleepiness (around 3 a.m. or 4 a.m.)[@B2].

Approximately half of the pilots participating in the study did not live in the same city as their contractual basis, which increases commuting time up to three times to the workplace and return to the residence on days off, compared to those who live in the same town of their contractual basis. Commuting time is not taking into account when calculating the working hours. However, this variable can be associated with the perception of insufficient sleep and worsen fatigue, since it decreases the time to rest during break(s), or between successive work days[@B4] ^,^ [@B17].

Another factor that deserves attention is the number of consecutive nights at work, which on average was four nights. According to the studies on shift work, the risk of incidents or accidents when working four consecutive nights is approximately 36% higher compared to only one night of night work[@B7]. In this context, Rodionov[@B19] have suggested allowing only two night shifts in a row at most, since three successive night shifts increase the risk of chronic fatigue.

According to current regulations (Law 7,183 of April 5, 1984), flight hours reported by the participants of this study did not exceed those provided by law (85 h/month). However, the monthly average flight hours above 65 hours were associated with unintentional sleep while piloting. We highlight that we did not collect information on the maximum duty time, which include times for presentation, engine shutdown, and duration of operating delays. Therefore, the results observed in this study on the actual flight hours are less than maximum duty time. One aspect that hinders the use of flight hours is the operational flight delays, which occur frequently. It is worth noting that this variable was associated with unintentional sleep while flying the airplane.

Caldwell[@B4] and Powell et al.[@B17] draw attention to the multiple negative effects associated with insufficient sleep and fatigue. In this study, a high proportion of the pilots felt that they need to sleep more. In fact, sleep on days off was longer than on working days, indicating a daily sleep debt of approximately 2 hours.

Unintentional sleep at work is added to other factors that are rarely mentioned in studies already carried out, such as the quality of resting places, hotels, and cabins of airplanes[^e^](#fne){ref-type="fn"}. In our study, on a scale from zero to 10, the participants rated as very bad the rest cabins inside airplanes, and only as regular the quality of hotel rooms.

The need for recovery after work reported by the pilots was higher in comparison to other professional categories, being associated with unintentional sleep at work[@B22] ^,^ [@B21]. These data indicate that the work as a pilot, because of its characteristics, such as irregular working hours and the complexity of the work[@B4] ^,^ [@B5] ^,^ [@B17], requires a longer time for recover than those stipulated in the Brazilian law (at least 12 hours of rest between two consecutive working days). Australian researchers[@B18] suggest at least two consecutive nights of rest for recovery after night work, being extended to four nights after international flights. The regulation of the profession (Law 7,183 of April 5, 1984) establishes a period of rest according to flight time, type of crew, previous flight hours, number of time zones crossed, and work shift. However, considering the Brazilian territorial extension, the current legislation does not provide for sufficient time for recovery after work, especially for night work or work which starts very early in the morning.

Predominantly, pilots had one day off (which lasts 12 hours after a workday plus 24 hours off). Even considering that the current legislation on the working hours is being respected, the irregularity of flight hours associated with simple time off is aggravating in the issues related to sleep and, consequently, health[@B19].

The work ability index (WAI) has been used as a variable to predict the health condition of workers[@B23]. In our study, we observed that the worse the WAI, the greater the chance of unintentional sleep at work. These data are of concern, as this is a population of young adults considered as healthy, as a rigorous and annual medical evaluation is required to stay on active duty, and when pilots reach 40 years of age, this evaluation occurs every six months.

The pilots reported a significant proportion of diseases diagnosed by physicians, being the most prevalent injuries and musculoskeletal disorders. However, the prevalence of these injuries and musculoskeletal disorders are below those mentioned in other studies[@B8] ^,^ [@B11]. Research carried out 22 years ago in a Brazilian airline already indicated the concern of pilots with their health and precarious work conditions[@B6]. The pilots identified the need to review the criteria used in the preparation of work shifts and concepts established in the professional regulation, such as rest periods between consecutive working days and days off[@B6]. The regulation of the profession at the time of completion of that study is the same in force (Law 7,183 of April 5, 1984), that is, the legislation has been not reviewed or amended for more than 30 years despite the growth of the civil aviation.

The sample of the study may be under-represented, because only pilots associated with ABRAPAC participated in it. We do not have information on the sociodemographic characteristics of those who did not participate in the study, which may also have led to a bias in the results. The cross-sectional design of this study does not allow us to make causal inferences between the variables analyzed. Despite the limitations mentioned, an expressive number of pilots participated, which allows us to draw a picture of the working conditions and possible effects on the health and sleep of Brazilian airlines pilots.

Factors related to work, such as flight hours, inappropriate use of working hours because of operational delays, and poor working conditions, need to be taken into account to prevent unintentional sleep at work. In addition to these aspects, it is necessary to provide a sufficient time for recovery between working hours, as the activities carried out by pilots are complex, requiring significant demands of work with a cognitive nature.

The results of this study highlight the need to implement preventive actions related to the organization of work, aiming at improving working conditions and health, especially in aspects related to the sleep of pilots. As one of the preventive practices to relieve excessive sleepiness during the work, scheduled naps before and during flights are recommended, especially on night or long-haul flights[@B16] ^,^ [@B25]. Although sleep is allowed during the flight when there is a composed or flight crew, most flights of the respondents of this study had simple crew. Brazilian airlines have waiting rooms for their flight crews, but not all have places to sleep. It is necessary to improve the facilities for rest, whether they are on the plane in itself, in hotels, or at airports.

Work schedules should follow the recommendations proposed by Rodionov[@B19] and Roach et al.[@B18] to prevent unintentional sleep at work. It is worth mentioning that the beginning of the work schedule during the early hours and the late ending are also harmful to health. Thus, we recommend the reduction of the number of working hours that begin very early in the morning, as well as that end very late at night. Airlines can benefit from integrated actions in the planning of work schedules, forming teams with members of the industry who operate in the construction of working plans including health, safety, and environment professionals, as well as representatives of the airline pilots.
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